The authors examined the joint associations of adiposity (assessed by body mass index (BMI; weight (kg)/height (m) 2 ) and waist circumference) and physical activity with mortality to evaluate whether physical activity protects against the adverse effects of high adiposity. Using data on 185,412 men and women aged 51-72 years participating in the National Institutes of Health-AARP Diet and Health Study, the authors assessed all-cause mortality over 10 years (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006). Overweight (BMI 25-<30), obesity (BMI 30), a large waist circumference (men: 102 cm; women: 88 cm), and low physical activity were each independent predictors of mortality. Compared with normal-weight persons (BMI 18.5-<25) who were physically active (>7 hours/week of moderate physical activity), mortality risks were 1.62 (95% confidence interval (CI): 1.50, 1.75) for inactive normal-weight persons, 1.79 (95% CI: 1.37, 2.33) for active morbidly obese (BMI 35) persons, and 3.45 (95% CI: 2.79, 4.00) for inactive morbidly obese persons. Similar results were found for the combined relation of BMI and vigorous physical activity. Inactive persons with a large waist circumference had 2 times' greater mortality risk than active persons with a normal waist circumference. High physical activity attenuated but did not eliminate the increased mortality risk associated with obesity. Preventing weight gain and promoting physical activity in older persons may lower mortality risk. abdominal fat; adiposity; body fat distribution; body mass index; exercise; mortality; motor activity Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio.
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High adiposity and physical inactivity are important health risk factors. Recent epidemiologic studies (1-9) of the independent and joint relations of adiposity and physical activity to mortality show that the combination of obesity and physical inactivity or lack of fitness entails a greater mortality risk than does each factor operating alone. Reports from the Aerobics Center Longitudinal Study suggested that a higher cardiorespiratory fitness level eliminated the increased mortality risk in obese persons (2, (6) (7) (8) (9) , whereas other studies found that physical activity attenuated but did not eliminate the increased mortality risk in obese persons (3) (4) (5) .
Most previous analyses of adiposity and mortality (1, 2, 4, 5) have focused on body mass index (BMI) as an indicator of overall adiposity, without considering specific measures of body fat distribution. However, anthropometric studies have shown that a high level of abdominal fat is a risk factor for several chronic diseases, independently of total body fat (10) (11) (12) . Furthermore, studies have demonstrated that a large waist circumference is a strong predictor of mortality (13) (14) (15) . In a recent study, Katzmarzyk et al. (16) found that physical inactivity and a large waist circumference were independent risk factors for premature mortality among women. Data regarding the joint relations of central adiposity and physical activity to mortality are sparse (7) .
Using data from the National Institutes of Health-AARP Diet and Health Study, a large cohort study of older adults, Correspondence to Dr. Annemarie Koster, National Institute on Aging, 7201 Wisconsin Avenue, Gateway Building, Suite 3C309, Bethesda, MD 20892 (e-mail: kostera@mail.nih.gov).
we examined the joint associations of adiposity and physical activity with mortality to evaluate whether physical activity protects against the adverse effects of high adiposity. Few studies have examined the effect of combined associations of adiposity and physical activity on mortality in older adults. We considered both BMI and waist circumference as measures of adiposity.
MATERIALS AND METHODS

Study population
The National Institutes of Health-AARP (formerly known as the American Association of Retired Persons) Diet and Health Study was initiated in 1995-1996 when an extensive baseline questionnaire was mailed to 3.5 million AARP members aged 50-71 years who resided in 1 of 6 US states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) or 2 US metropolitan areas (Atlanta, Georgia, and Detroit, Michigan) (17) . Out of 617,119 questionnaires returned (17.6%), 567,169 (16.2%) were satisfactorily completed. In 1996-1997, a second questionnaire was sent to participants who successfully completed the baseline questionnaire to collect additional information on diet, family history of cancer, anthropometric factors (including waist circumference and body weight at age 50 years), physical activity, and use of menopausal hormone therapy. A total of 238,866 respondents successfully completed the second questionnaire and had full data on waist circumference, BMI, and physical activity.
Since data on waist circumference and more detailed information on physical activity were first reported on the second questionnaire, respondents to the second questionnaire represented the cohort of eligible study participants for the current analysis. We excluded persons with a waist circumference less than 60 cm (n ¼ 549) and those with a BMI less than 18.5 or higher than 60 (n ¼ 5,336). We further excluded persons who reported cancer, cardiovascular disease, or emphysema (n ¼ 47,569). This resulted in an analytic cohort of 185,412 participants.
The National Institutes of Health-AARP Study was approved by the Special Studies Institutional Review Board of the National Cancer Institute.
Measures
Mortality. From 1996-1997 through December 31, 2006, vital status was determined by annual linkage of cohort members to the Social Security Administration Death Master File (18) and follow-up searches of the National Death Index. We estimate that follow-up for deaths in our cohort was more than 93% complete (19, 20) .
Body mass index. Current height was reported in feet and inches, and weight at age 50 years was reported to the nearest pound. We used weight at age 50 years as the basis for calculating BMI because previous research in our cohort showed that it was more strongly and more linearly associated with mortality than was BMI derived from current weight (21) . BMI was calculated as weight in kilograms divided by height in meters squared and was divided into 4 categories: 18.5-<25 (normal-weight), 25-<30 (overweight), 30-<35 (obese), and 35 (morbidly obese).
Waist circumference. Using a pictured instruction, participants were requested to measure their waist with a tape measure 1 inch (25.4 mm) above the navel while standing and to report values to the nearest quarter inch (6.4 mm). Four categories of waist circumference were created: group 1-men <94 cm, women <80 cm; group 2-men 94-<102 cm, women 80-<88 cm; group 3-men 102-<110 cm, women 88-<96 cm; and group 4-men 110 cm, women 96 cm. The first 3 categories were in accordance with the previously used ''action levels'' of waist circumference (10) , where category 1 was considered a normal waist circumference, category 2 as action level 1, and category 3 as action level 2. Thirty-one percent of our study population had a waist circumference above action level 2; therefore, we created an additional (fourth) category to classify people with a more extreme waist circumference.
Physical activity. Moderate-to-vigorous physical activity was assessed by means of a question on the second questionnaire about the average amount of time spent each week in activities involving at least moderate exertion, with the following response options: weekly but less than 1 hour per week; 1-3 hours per week; 4-7 hours per week; and more than 7 hours per week. Examples of moderate activity were brisk walking/fast dancing, walking during golf, hiking/ mountain climbing, cheerleading/drill team, tennis, biking, swimming, aerobics, jogging/running, rowing, basketball/ baseball, football/soccer, handball/racquetball, weight lifting, heavy gardening, and heavy housework.
Vigorous physical activity was assessed by means of a question on the baseline questionnaire about how often a person had participated in physical activities at work or at home (including exercise, sports, and activities such as carrying heavy loads for at least 20 minutes) that caused increases in breathing, increases in heart rate, or sweating during a typical month in the past 12 months. Categories of vigorous physical activity were never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, and 5 or more times per week.
Covariates. Sociodemographic variables included age, sex, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Asian, and Pacific Islander or American Indian). Categories of education were 11 years or less, 12 years or completion of high school, post-high-school study or some college, college graduation, and postgraduate study. Smoking status was categorized in 4 groups as never smoker, former smoker who had stopped smoking 10 or more years previously, former smoker who had stopped smoking less than 10 years previously, and current smoker. Alcohol consumption over the past 12 months was assessed as part of a food frequency questionnaire (17) . From total alcohol intake in grams per day, 4 categories were created: 0, >0-<5, 5-<15, and 15 g/day.
Statistical analysis
proportional hazards models to estimate individual and joint hazard ratios for the effects of the relation between BMI and physical activity and the relation between waist circumference and physical activity on time to death. Analyses were adjusted for age, sex, race/ethnicity, education, smoking status, and alcohol consumption. The analyses of the joint effects of waist circumference and physical activity were additionally adjusted for BMI. The reference group consisted of men and women with the highest physical activity level and a normal BMI or a normal waist circumference. Because smoking is related to lower body weight and increased mortality, we also examined the joint relations of adiposity and physical activity among never smokers. We investigated the proportional hazards assumption by testing the constancy of the log hazard ratio over time by means of log-minus-log survival plots; according to the test, the proportional hazards assumption was not violated. Analyses were performed using SPSS, version 15.0 (SPSS Inc., Chicago, Illinois).
RESULTS
During 10 years of follow-up, 10,948 men and 4,615 women died. Table 1 shows the baseline characteristics of the study population according to BMI, waist circumference, and moderate and vigorous physical activity. Persons with the highest BMI or the largest waist circumference had a lower educational level, were less physically active, were less likely to currently smoke, and had a lower alcohol intake than persons with a normal BMI (18.5-<25) or a normal waist circumference (category 1). Inactive persons had a lower educational level, were more likely to currently smoke, and had a lower alcohol intake than persons with higher moderate or vigorous physical activity levels.
In greater mortality risk (Table 2) . Persons with a waist circumference in the third (HR ¼ 1.09, 95% CI: 1.04, 1.14) or fourth (HR ¼ 1.47, 95% CI: 1.40, 1.53) category had a significantly greater mortality risk than persons with a normal waist circumference. Low moderate and vigorous physical activity levels were independent risk factors for mortality. Inactive persons had a more than 50% greater mortality risk than the most active persons.
The increased risks of mortality conferred by excess adiposity were similar among both physically active and inactive persons; no significant interactions were observed (all P's > 0.10). The joint relations of BMI and physical activity and waist circumference and physical activity are shown in Tables 3 and 4 and Figures 1 and 2 . Interactions with sex were not statistically significant (all P's > 0.10); therefore, all results are shown for men and women combined. In each BMI group, mortality rates increased with decreasing levels of physical activity. Likewise, in each physical activity group, mortality rates rose with increasing BMI levels (Figure 1) , and we did not see an attenuation of the effect of obesity by physical activity. Compared with persons with a combination of normal BMI and more than 7 hours per week of moderate physical activity, mortality risk was significantly increased in groups with lower physical activity levels within the same BMI range ( Table 3 ). The greatest risk was observed in inactive persons (HR ¼ 1.62, 95% CI: 1.50, 1.75). In the most active group (>7 hours/week), mortality risks were significantly higher in overweight and obese persons, with the highest risk being seen in morbidly obese persons (BMI 35; HR ¼ 1.79, 95% CI: 1.37, 2.33). Inactive morbidly obese persons had a particularly high mortality risk (HR ¼ 3.45, 95% CI: 2.97, 4.00). We also examined the joint relations of adiposity and physical activity among never smokers (data not tabulated). In never smokers, the BMI gradient among the most active persons was particularly strong. Compared with active normalweight persons, active obese persons had a 2 times' higher mortality risk (HR ¼ 2.05, 95% CI: 1.61, 2.60) and active morbidly obese persons had a more than 3 times' greater mortality risk (HR ¼ 3.25, 95% CI: 2.16, 4.94). A similar pattern was found for the combination of BMI and vigorous physical activity in relation to risk of mortality. In comparison with the most active persons with a normal waist circumference, mortality risk rose with increasing waist circumference as well as with decreasing physical activity levels (Tables 3 and 4, Figure 2 ). Inactive persons with a normal waist circumference had a similarly increased mortality risk (HR ¼ 1.61, 95% CI: 1.48, 1.76) as the most active persons with the largest waist circumference (HR ¼ 1.44, 95% CI: 1.23, 1.68) ( Table 3 ). The highest mortality risk was found among persons with the largest waist circumference who were physically inactive (HR ¼ 2.01, 95% CI: 1.74, 2.32), as compared with active persons with a normal waist circumference. Similar patterns were found in never smokers and for the combined relations of waist circumference and vigorous physical activity.
DISCUSSION
In this large prospective cohort study of older adults, overweight (BMI 25-<30), obesity (BMI 30), a large waist circumference, and low physical activity levels were each independent predictors of mortality. The increased risks of mortality conferred by excess weight or a large waist circumference were similar among both physically active and inactive persons. Compared with active normalweight persons, inactive normal-weight persons had a similarly high mortality risk as active obese persons. The highest mortality risks were found among inactive morbidly obese persons, who had a 3.5 times' higher mortality risk. Inactive persons with a large waist circumference had a mortality risk 2 times higher than that of active persons with a normal waist circumference.
In the Aerobics Center Longitudinal Study, greater cardiorespiratory fitness was a more important predictor of mortality than was BMI, suggesting that higher fitness eliminates the increased mortality risk in obese persons (2, (6) (7) (8) (9) . In other studies, however, investigators reported that high physical activity levels attenuated but did not eliminate the increased mortality risk associated with obesity. For example, in a large cohort of women aged 30-55 years participating in the Nurses' Health Study, increased adiposity and reduced physical activity were strong independent predictors of death, and high levels of physical activity did not eliminate the excess mortality associated with obesity (3). In another study, Stevens et al. (5) did not find a significant interaction between fitness and fatness in Russian or American men for all-cause mortality. A large study in middle-aged Finnish men and women showed that regular physical activity and normal weight were both important indicators for decreased risk of mortality (4).
To our knowledge, our study is by far the largest study to have examined the joint relations of adiposity and physical activity with mortality risk in both men and women, and it does not support the hypothesis that physical activity protects against the apparent adverse effects of obesity. Cardiorespiratory fitness was not assessed in the present study. However, physical activity is the primary determinant of fitness that is modifiable. Persons who regularly engage in moderate physical activity can attain a fitness level sufficient to result in important and substantial health benefits (22) . We found a strong mortality gradient with increasing BMI in all physical activity groups. Morbidly obese people who were physically active had an approximately 2 times' higher mortality risk than their normal-weight counterparts. Additionally, equally high mortality risks were found in active obese persons and inactive normal-weight persons.
The joint relations of waist circumference and physical activity with mortality risk have not been studied extensively (7). We previously showed that a large waist circumference was associated with increased mortality risk, independently of BMI (15) . In the present study we also adjusted for BMI, so the effect of waist circumference across physical activity groups was independent of total adiposity. This suggests that a large waist circumference should be considered a risk factor for mortality, in addition to BMI. We excluded persons with chronic disease at baseline in order to minimize the potential effect of disease on adiposity and physical activity levels. Because smoking is associated with lower body weight and an increased mortality risk, we also examined the results in never smokers only. In never smokers, the BMI gradient was stronger in the more physically active groups.
Promoting regular physical activity may lower all-cause mortality rates in both obese and nonobese older adults. The finding that mortality risks were greater in obese persons than in normal-weight persons regardless of physical activity level suggests that preventing weight gain or weight loss may also lower mortality risk. However, losing weight may also have unintended negative health consequences, such as the loss of muscle mass or loss of bone (23, 24) . While involuntary weight loss has been associated with increased mortality risk in older persons, voluntary weight loss has been associated with positive effects on physical functioning, cardiovascular disease risk, and diabetes risk (25) (26) (27) . Rather than focusing only on weight loss, interventions focusing on weight loss through the promotion of physical activity may be an effective strategy for lowering mortality risk. An additional beneficial effect of increasing physical activity levels in obese and overweight persons might be the conservation of muscle mass and strength (28, 29) .
Some limitations of this study should be considered. Height and weight were self-reported. Self-reported height and weight are generally known to be accurate, although heavy persons are more likely to underreport their weight (30) . We used BMI at age 50 years; therefore, we may not have captured acute effects of BMI on mortality. Waist circumference was self-measured by participants. Selfreported waist circumference has been found to be a valid approximation of measured waist circumference (30, 31) . For example, in a study carried out among 123 men aged 40-75 years and 140 women aged 41-65 years, Rimm et al. (31) reported crude Pearson coefficients for correlation between self-reported and measured waist circumference of 0.95 for men and 0.89 for women. Physical activity was also assessed by self-report, which may have led to misclassification (32) . Validation studies comparing physical activity questionnaires with referent methods suggested that physical activity assessment by questionnaires was reasonably valid and reliable (33) .
In conclusion, we found high adiposity and low physical activity to be independent and important risk factors for mortality. High physical activity attenuated but did not eliminate the increased mortality risk associated with obesity. The combination of high adiposity with physical inactivity particularly increased mortality risk. Preventing weight gain and promoting physical activity in both obese and nonobese older persons may lower the risk of death.
